###### Strengths and limitations of this study

-   This protocol will compare one intervention that is tailored to patient's physical impairments with a standardised strengthening programme.

-   The feasibility trial will include economic evaluation, and implementation-based process evaluation of the intervention planned.

-   Clinicians were not blinded to interventions due to nature of interventions, and that is a source of potential bias.

Introduction {#s1}
============

Shoulder pain is the third most common musculoskeletal complaint, with a 1-year prevalence of 18.1%.[@R1] Shoulder pain is associated with high socioeconomic burden.[@R2] In Sweden, the average annual cost of shoulder subacromial pain is estimated \$4139 per patient.[@R2] In New Zealand, a total of \$134 million was spent by Accident Compensation Corporation (ACC) in rehabilitation for shoulder injuries from 2005 to 2013 (\$14 million/year).[@R3] Shoulder subacromial pain is a challenging disorder with slow recovery,[@R4] with only 50% of new episodes presenting full recovery within 6 months.[@R5]

Exercise therapy is the first approach for the management of shoulder subacromial pain, and is recommended, for example, by the British Elbow & Shoulder Society (BESS).[@R6] A number of systematic reviews have been published in this area.[@R7] Some reviews suggest exercise therapy and or manual therapy to be effective for improving pain and function in patients with shoulder pain, but highlight the limited strength of evidence to support this.[@R7] Three reviews reported exercise therapy to be more effective than control or placebo,[@R8] while a Cochrane Review reported no clinically important difference between manual therapy and exercise vs placebo.[@R9] The addition of manual therapy to exercise has been supported in incremental effects trials[@R15] and by another recent systematic review.[@R10] Optimal treatment strategies are needed to improve treatment effect, speed recovery and decrease shoulder pain recurrence. There are uncertainties regarding which types of exercise are more effective and cost-effective for the management of patients with shoulder subacromial pain.[@R10] In addition, there are competing approaches of exercise regimen (eg, specific exercise,[@R20] general strengthening exercise), with limited number of head-to-head trials comparing different combinations of exercise therapy and manual therapy interventions.[@R9]

The lack of data about process evaluation of previous trials hinder our ability to identify whether tested interventions failed to improve clinical outcomes due to being ineffective or poorly implemented.[@R21] To address this, it is recommended trials to include process evaluation alongside the *outcome* evaluation, ideally from Phase II to Phase IV.[@R21] Process evaluation studies provide valuable information regarding how, what and why interventions were delivered to patients during the trial,[@R21] and help to understand why an intervention achieved (or not) its expected clinical outcomes.[@R25] Such information is valuable for a number of stakeholders (eg, clinicians, government and policy-maker agencies) and improve translation of findings from trials to clinical practice.[@R21] Hence, future trials on the management of shoulder subacromial pain should include process evaluation[@R21] and economic evaluation[@R10] conducted alongside the outcome evaluation. In addition, it has been recommended that future trials assessing the effect of novel exercise therapy programme to be compared with a valid placebo intervention.[@R9]

Shoulder subacromial pain is a complex disorder, with psychological factors and physical impairments influencing clinical outcomes.[@R26] Pain beliefs seem to be associated with course of pain and disability, but the current level of evidence is low.[@R29] A longitudinal prospective cohort study reported that psychosocial factors are associated with clinical outcomes,[@R28] while a secondary analysis of a trial found that fear-avoidance beliefs contribute significantly to baseline disability but not to disability change scores after 3-month follow-up.[@R26] Psychosocial factors and pain beliefs seem to play a role on clinical outcomes. Further longitudinal studies are still required to clarify which psychological factors can be targeted by treatment and whether modifying these psychological factors impact on clinical outcomes (ie, disability and pain) in patients with shoulder subacromial disorders.[@R26]

Clinical examination is commonly performed by clinicians[@R31] to inform management of patients with shoulder pain. Findings suggestive of structural diagnosis have inconsistent association with clinical outcomes[@R30] and the diagnostic accuracy of orthopaedic tests is very limited.[@R33] Hence, it has been suggested clinicians to perform a thorough clinical examination when assessing patients with shoulder disorders.[@R31]

The role of scapular and shoulder muscle recruitment pattern and clinical outcomes is unclear.[@R35] The report from the "Scapular Summit" suggests a potential role of scapular movement pattern on shoulder disorders, but highlighted it is currently not clear whether there is a causative effect between movement pattern and shoulder disorders.[@R36] A recent study reported increased risk of shoulder pain among asymptomatic individuals, suggesting movement pattern might play a role on shoulder symptoms,[@R37] while a recent review found some preliminary evidence supporting the use of scapula-focused exercises when managing patients with shoulder pain, but it is unclear whether these exercises have any impact on pain and disability outcomes.[@R35]

Patients with shoulder pain present with physical impairments, and altered scapular and shoulder muscle recruitment patterns,[@R38] these impairments are a potential target for therapeutic intervention.[@R40] For example, patients with shoulder subacromial pain may show altered coordination between lower trapezius and serratus anterior, and the upper trapezius and lower trapezius during arm elevation task,[@R39] and patients with symptomatic rotator cuff tear may show increased activity of latissimus dorsi when compared with healthy controls.[@R38] Due to the variability of such altered muscle patterns, it is recommended that rehabilitation should tailor specific muscle and joint impairments presented by the patient[@R31] and restore shoulder movement pattern.[@R34] Further, preliminary evidence suggests that sustained shoulder mobilisation may reduce pain and improve range of motion in patients with shoulder subacromial pain, compared with sham sustained mobilisation.[@R41] Trials of the effect of sustained glide and exercise on the management of other musculotendinous disorders (eg, tennis elbow) have found this intervention to be more effective than corticosteroid injection and wait-and-see.[@R42]

Laboratory-based studies suggest that: (1) clinician-administered sustained shoulder mobilisation offloads shoulder muscles, providing mechanical support to the shoulder[@R43]; (2) patient-administered sustained shoulder mobilisation leads to similar changes in muscle activity levels as clinician-administered mobilisation, supporting the use of home-based mobilisation for shoulder rehabilitation[@R44]; (3) patients with shoulder pain present immediate reduction in pain levels, increased range of motion and altered muscle activity levels in response to sustained shoulder mobilisation.[@R45] These findings, and anecdotal evidence from clinical practice, suggest that sustained mobilisation temporarily changes the control of scapular and shoulder muscles. Such temporary change might give the clinician a therapeutic window to strengthen muscles with less pain while keeping a better control of scapular and shoulder muscles.

It is unclear whether a tailored rehabilitation (combining sustained mobilisation with specific motor control exercises) is more effective than standardised exercise for shoulder pain patients. Tailored rehabilitation focuses on each patient's specific impairments and some studies found preliminary findings that a tailored programme is effective for managing patients with shoulder pain.[@R20] An alternative to a tailored programme is a standardised shoulder rehabilitation that adopts a more generic approach, with standardised stretching and strengthening exercises being prescribed for all patients, and may also be delivered in small group sessions, reducing the cost of the physiotherapy session. It is unclear which approach leads to better clinical outcomes and is more cost-effective.

Efficacy trials are designed to test if an intervention works under the ideal circumstances.[@R50] This type of trial maximises the probability of observing the effect of an intervention (assuming such effects exist), and prioritise internal validity of the study design.[@R50] In efficacy trials, the intervention is standardised, delivered under an ideal setting, with highly trained clinicians.[@R50] It is recommended for efficacy trials to incorporate economic evaluation (ie, cost-efficacy) alongside the clinical efficacy assessment.[@R51] By assessing clinical and cost-efficacy it is possible to determine whether an intervention is likely to be efficacious for a group of patients, and whether delivering the health outcomes are likely to be good value for money.[@R52] Ideally, clinical and cost-efficacy studies should be conducted prior to clinical-effectiveness and cost-effectiveness pragmatic trials.[@R51]

The aim of our full study is to assess the clinical-efficacy and cost-efficacy of tailored rehabilitation programme for the treatment of shoulder subacromial pain. Prior to conducting a fully-powered randomised controlled trial (RCT), we propose an efficacy feasibility trial aiming to assess: (1) participant recruitment rate, (2) the proportion of participants enrolled from the total number screened, (3) adherence to the rehabilitation programme, (4) drop-out rates, (5) obtain exploratory estimates of adverse events, (6) obtain exploratory estimates of intervention effects in order to inform the sample size of the fully-powered RCT, (7) conduct a preliminary cost-effectiveness analysis of the standardised strengthening and the tailored rehabilitation interventions.

Methods {#s2}
=======

Design {#s2-1}
------

The Management of subacromial disorders of the shoulder (MASTER) trial, is a two-arm, patient-blinded and assessor-blinded, feasibility RCT. Participants will be randomly allocated into one of the interventions group: tailored rehabilitation or standardised rehabilitation ([figure 1](#F1){ref-type="fig"}).

![Diagram of participant flow at the Otago MAnagement of Subacromial disorders of The shouldER (MASTER) feasibility trial.](bmjopen-2018-028261f01){#F1}

When preparing this protocol, we followed the Standard Protocol Items: Recommendations for Interventional Trials statement,[@R53] and the template for intervention description and replication (TIDieR) checklist and guide.[@R54] When reporting the feasibility trial, we will follow the Consolidated Standards of Reporting Trials statement for non-pharmacological treatment.[@R55] WHO trial registration data set information is described in [table 1](#T1){ref-type="table"}.

###### 

WHO trial registration data set

  Data category                                   Information
  ----------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Primary registry and trial identifying number   ACTRN 12617001405303
  Date of registration in primary registry        04/10/2017
  Source of monetary or material support          Health Research Council of New Zealand Feasibility Grant (17/536)
  Primary sponsor                                 University of Otago
  Contact for public queries                      daniel.ribeiro\@otago.ac.nz
  Contact for scientific queries                  Dr Daniel Cury Ribeiro, School of Physiotherapy -- University of Otago
  Public title                                    Tailored vs standard strengthening rehabilitation for patients with shoulder pain: a feasibility trial
  Scientific title                                The effectiveness of a tailored rehabilitation vs standard strengthening programme for patients with shoulder pain: a feasibility randomised controlled trial (the Otago MASTER trial)
  Country of recruitment                          New Zealand
  Health condition or problem studied             Shoulder subacromial pain
  Interventions                                   Tailored and standardised strengthening exercise
  Key inclusion and exclusion criteria            Adult healthcare workers (from 18 to 65 years old), with subacromial shoulder pain.
  Study type                                      Interventional
  Date of first enrolment                         12/02/2018
  Target sample size                              25
  Recruitment status                              Recruiting
  Primary outcome                                 \(1\) Recruitment rate, (2) Proportion of participants enrolled from the total number screened and (3) Adherence to the rehabilitation programme.
  Key secondary outcome                           \(1\) Drop-out rates, (2) pain level, (3) Shoulder-Related Disability---Patient Specific Functional Scale, (4) quality-adjusted life year, (5) Shoulder Pain and Disability Index, (6) Pain Self-Efficacy Questionnaire; (7) adverse reactions.

MASTER, Management of subacromial disorders of the shoulder.

Participants {#s2-2}
------------

Participants with shoulder subacromial pain will be recruited to take part in the study.

Inclusion and exclusion criteria {#s2-3}
--------------------------------

Participants from 18 to 65 years old, with mechanical shoulder pain will be recruited to participate in the study. Participants will be screened as per the BESS guidelines.[@R56] The process recommended by the BESS guidelines screens for: red flags (eg, tumour, unreduced dislocation, acute rotator cuff tear, infection), shoulder pain arising from the cervical spine, the shoulder instability, acromioclavicular joint disease and adhesive capsulitis.[@R56]

Participants will be included if they present one positive finding on the following tests: (1) painful arc movement during shoulder flexion or abduction, (2) Jobe's test[@R56] or (3) pain on resisted lateral rotation or abduction.[@R57] Given the limited evidence from clinical tests for diagnosing patients with shoulder subacromial pain,[@R33] we opted to widen the criteria proposed by BESS and add criteria \#3. We include two additional tests (resisted lateral rotation and shoulder abduction).[@R57] A previous study reported pain on external rotation has 34.5% of sensitivity, 100% specificity, 42% accuracy for identifying any degree of subacromial disorder.[@R57] Pain on shoulder abduction presented 55% of sensitivity, 75% specificity, 57% accuracy and a likelihood ratio of 2.2% for identifying any degree of subacromial disorder. In addition, pain on external rotation was the most accurate test for identifying partial-thickness tear.[@R33]

We will exclude participants with the history of shoulder dislocation, shoulder subluxation, shoulder surgery and cervical surgery within the last 6 months,[@R58] participants with any kind of symptoms of systematic inflammation or disease, signs of paraesthesia in the upper extremities, hemiplegic shoulder pain, frozen shoulder or positive clinical signs of full thickness rotator cuff tear[@R59] will be excluded.

Sample size {#s2-4}
-----------

Being a feasibility RCT, the present study is not designed to assess the efficacy of the experimental intervention.[@R60] We estimated the sample size based on expected characteristics of the full trial.[@R62] Based on recommendations by Whitehead *et al*,[@R62] the sample size of a feasibility study should be estimated based on the expected range for the effect size, the power and alpha (both established a priori), and the total number of arms of treatment planned for the full trial.

Whitehead *et al* [@R62] recommend the sample sizeto be based on ranges of effect sizes (ie, extra small, small, medium and large). Therefore, to estimate the sample size for the feasibility trial, we used the Shoulder Pain and Disability Index (SPADI) as primary outcome measure; we assumed a minimum clinically important difference of 8 points[@R63] and a SD of 24 points on SPADI total score.[@R63] This represents a standardised effect size of 0.3. For estimating the sample size, we set power at 80%, two-tailed between-group comparison, with alpha at 0.05. Therefore, the minimum sample size for this feasibility RCT is 10 participants per arm of treatment.[@R62] Assuming a 20% loss to follow-up,[@R64] a total sample size of 25 participants is required.

Recruitment {#s2-5}
-----------

Recruitment will take place in Dunedin, New Zealand. Participants will be recruited through general practitioners and hospitals and newspaper advertisements. In previous studies, we have successfully recruited participants with these methods of recruitment. Participants will be screened by a physiotherapist with more than 5 years of clinical experience, and with a postgraduate qualification in Musculoskeletal or Sports Physiotherapy (or related field).

Informed consent and baseline assessment {#s2-6}
----------------------------------------

Once participants are assessed for eligibility, a clinical researcher will seek informed consent from participants. Participants may consent to take part in the study after screening or few days later, if they request time for considering taking part in the study. Participants will be asked to complete the baseline assessments and questionnaires for recording demographic data (age, height, weight), and baseline measurements for the primary and secondary outcomes.

Randomisation {#s2-7}
-------------

Participants will be individually randomly allocated (1:1 ratio) into one of the intervention groups (ie, tailored physiotherapy or standardised physiotherapy). The randomisation schedule will be computer-generated by a research administrator, and concealed in numbered sealed and opaque envelopes. A research administrator will provide the envelope to the clinician delivering the interventions.

Blinding {#s2-8}
--------

Participants will be blinded to interventions. Outcome assessors will be blinded to group allocation. Clinicians delivering the interventions will not be blinded to group allocations due to nature of intervention.

Procedures {#s2-9}
----------

Experienced clinicians will deliver interventions for both groups. Clinicians will have a postgraduate diploma in musculoskeletal rehabilitation (or related field) and a minimum of 5 years of clinical experience. Outcome measures will be assessed by a physiotherapist who is blinded to group allocation. We will run a minimum of four training sessions lasting for 1 hour with clinicians to ensure they are familiarised with the protocol. To ensure they are confident in delivering the planned interventions, we will provide them with manuals containing a detailed description of the planned intervention and will meet with them during the study to clarify any questions or concerns that may arise.

Interventions {#s2-10}
-------------

Both groups will receive 16 individual, face-to-face sessions, each lasting for 60 min, twice per week, over an 8-week period. This number and duration has been shown to improve clinical outcomes in patients with shoulder subacromial pain.[@R65] Eight-week intervention period has been suggested as the minimum required to lead to improvement in pain and range of motion in patients with shoulder pain.[@R65] The tailored and standardised rehabilitation interventions are described on [tables 2 and 3](#T2 T3){ref-type="table"}, respectively. These descriptions were prepared following the TIDieR checklist and guide.[@R54]

###### 

Description of tailored rehabilitation intervention, as per the template for intervention description and replication (TIDieR) guide

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Item number   Item                                                                                                                                                                                                                                                                                               Description
  ------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  1\.           **BRIEF NAME**\                                                                                                                                                                                                                                                                                    
                Tailored rehabilitation                                                                                                                                                                                                                                                                            

  2\.           **WHY** Describe any rationale, theory or goal of the elements essential to the intervention.                                                                                                                                                                                                      The tailored rehabilitation programme will focus on specific impairments presented by the patient. This intervention will consist of mobilisation with movement, passive accessory mobilisation, specific motor control exercises and specific muscle strengthening exercises. The tailored rehabilitation programme might be more effective than a standardised strengthening programme for patients with subacromial shoulder pain.

  3\.           **WHAT**\                                                                                                                                                                                                                                                                                          The tailored rehabilitation group will receive manual therapy techniques (including mobilisation with movement with taping),[@R70] motor control and strengthening exercises. Manual therapy interventions delivered by the clinician might be performed with a belt. Motor control and strengthening exercises might be performed with the use of elastic bands or dumbbells. Home-based exercises will consist of self-mobilisation techniques that is performed with a belt. Detailed information is described on [online supplementary file 1](#SP1){ref-type="supplementary-material"}.
                Materials: Describe any physical or informational materials used in the intervention, including those provided to participants or used in intervention delivery or in training of intervention providers. Provide information on where the materials can be accessed (eg, online appendix, URL).   

  4\.           Procedures: Describe each of the procedures, activities and/or processes used in the intervention, including any enabling or support activities.                                                                                                                                                   Clinicians will choose exercises based on physical impairments presented during the physical assessment.

  5\.           **WHO PROVIDED**\                                                                                                                                                                                                                                                                                  Experienced clinicians will deliver interventions for the tailored group. Clinicians will have a postgraduate diploma in musculoskeletal rehabilitation (or related field) and a minimum of 5 years of clinical experience. All clinicians will undergo a trial-specific training programme to ensure they understand the protocol and the rationale of the intervention. Clinicians will receive a detailed manual with information regarding the trial intervention.
                For each category of intervention provider (eg, psychologist, nursing assistant), describe their expertise, background and any specific training given.                                                                                                                                            

  6\.           **HOW**\                                                                                                                                                                                                                                                                                           Participants will receive individual, face-to-face sessions.
                Describe the modes of delivery (eg, face-to-face or by some other mechanism, such as internet or telephone) of the intervention and whether it was provided individually or in a group.                                                                                                            

  7\.           **WHERE**\                                                                                                                                                                                                                                                                                         Interventions will be delivered in a private clinical practice.
                Describe the type(s) of location(s) where the intervention occurred, including any necessary infrastructure or relevant features.                                                                                                                                                                  

  8\.           **WHEN and HOW MUCH**\                                                                                                                                                                                                                                                                             Participants will receive 16 sessions, each lasting for a maximum of 60 min, twice per week, over an 8-week period.\
                Describe the number of times the intervention was delivered and over what period of time including the number of sessions, their schedule and their duration, intensity or dose.                                                                                                                   The exercise programme will comprise eight exercises plus three optional manual therapy techniques (one for the cervical spine, one for the thoracic spine and one for the shoulder). Clinicians will decide on which technique to use based on participants' clinical presentation. The manual therapy techniques might consist of passive joint mobilisations (grade −IV, IV or +IV) or manipulation (for the cervical or thoracic spine).\
                                                                                                                                                                                                                                                                                                                   Mobilisation with movement techniques will count as one of the 8 possible exercises to be performed within a session. This technique will be performed with 3 sets of 10 repetitions, with 30 s of rest between each set.\
                                                                                                                                                                                                                                                                                                                   Passive joint mobilisations will be performed with the following dosage: 3 sets, 30 s duration. Grade: --III or --IV will be performed if pain is dominant (as per physical assessment) or grade +III or +IV if stiffness dominant (as per physical assessment).\
                                                                                                                                                                                                                                                                                                                   Joint manipulation will be performed once per session, if required, as per physical assessment. The clinician will have the freedom to decide which technique to perform.\
                                                                                                                                                                                                                                                                                                                   Isometric exercises will be delivered with the following dosage: 2 sets, 10 repetitions, with 10 s hold each repetition. The isometric exercises will be progressed in two stages. The first stage will have the following dosage: 3 sets, 10 repetitions, with 10 s hold each repetition. The second stage will have the following dosage: 3 sets, 10 repetitions, with 20 s hold each repetition. There will be 10 s rest between repetitions, and 30 s rest between sets.

                                                                                                                                                                                                                                                                                                                   Dynamic strengthening exercises will be delivered with the following dosage: 2 sets of 10 repetitions. The dynamic strengthening exercises will be progressed in two stages. The first stage will have the following dosage: 3 sets of 10 repetitions. The second stage will have the following dosage: 3 sets of 20 repetitions.\
                                                                                                                                                                                                                                                                                                                   All exercises should initially be performed in slow and controlled pace. All motor control exercise should initially be of low intensity and then progressed as described. Clinicians can increase dosage (repetitions, sets, or load) if the participant is able to perform low intensity exercise for two consecutive sessions.\
                                                                                                                                                                                                                                                                                                                   The load for strengthening exercises will be determined through using the 10-point Rate of Perceived Exertion (RPE) scale, considering the affected side. Low intensity will be defined as 3--4 RPE, moderate intensity as 5--6 RPE, and high intensity as 7--8 RPE.Exercises will start with low intensity, and can progress to moderate and high intensity during the course of treatment.

  9\.           **TAILORING**\                                                                                                                                                                                                                                                                                     Interventions will be tailored based on physical assessment.\
                If the intervention was planned to be personalised, titrated or adapted, then describe what, why, when and how.                                                                                                                                                                                    Participants will receive:Shoulder mobilisation with movement if, during assessment, participants improve range of motion and pain with the mobilization with movement (MWM) technique. As part of the treatment, clinicians might use an MWM taping technique.[@R70]Passive mobilisation on the cervical, thoracic spine or shoulder (glenohumeral joint). These techniques will be performed if, during assessment, participants present with stiffness or pain on passive accessory movement at the cervical, thoracic spine or glenohumeral joint.Motor control exercises if, during assessment, participants present with poor control of a specific muscle (eg, scapular control exercises, dynamic control of glenohumeral joint).[@R40]Strengthening exercises if, during assessment, participants present with muscle weakness.[@R40]

  10\.          **MODIFICATIONS**\                                                                                                                                                                                                                                                                                 Not applicable. This is a protocol.
                If the intervention was modified during the course of the study, describe the changes (what, why, when and how).                                                                                                                                                                                   

  11\.          **HOW WELL**\                                                                                                                                                                                                                                                                                      Participants' adherence to protocol will be assessed by quantifying the number of home-based exercises performed. It will be expressed as percentage of the total number of sessions that should be been performed.\
                Planned: If intervention adherence or fidelity was assessed, describe how and by whom and if any strategies were used to maintain or improve fidelity, describe them.                                                                                                                              Clinician\'s adherence to protocol will be assessed by quantifying the number of exercises and progressions that were performed according to the protocol. This will be done through audits of clinical notes, and will be expressed as percentage of the total number of exercises and progressions that were performed during the course of treatment.

  12\.          Actual: If intervention adherence or fidelity was assessed, describe the extent to which the intervention was delivered as planned.                                                                                                                                                                Not applicable. This is a protocol.
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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###### 

Description of standardised rehabilitation intervention, as per the template for intervention description and replication guide

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Item number   Item                                                                                                                                                                                                                                                                                               Description
  ------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  1\.           **BRIEF NAME**\                                                                                                                                                                                                                                                                                    
                Standardised rehabilitation                                                                                                                                                                                                                                                                        

  2\.           **WHY** Describe any rationale, theory or goal of the elements essential to the intervention.                                                                                                                                                                                                      The standardised rehabilitation intervention will focus on strengthening of scapular and shoulder muscles. Strengthening exercise were shown to improve pain and disability in participants with subacromial shoulder pain.

  3\.           **WHAT**\                                                                                                                                                                                                                                                                                          The standardised rehabilitation group will receive strengthening exercises. These exercises might be performed with the use of elastic bands or dumbbells. Stretching exercise for the thoracic spine will be done using a foam roller. Two home-based exercises (resisted internal and external rotation of the humerus) will be performed using an elastic band. Detailed information is described on [online supplementary file 2](#SP2){ref-type="supplementary-material"}.
                Materials: Describe any physical or informational materials used in the intervention, including those provided to participants or used in intervention delivery or in training of intervention providers. Provide information on where the materials can be accessed (eg, online appendix, URL).   

  4\.           Procedures: Describe each of the procedures, activities and/or processes used in the intervention, including any enabling or support activities.                                                                                                                                                   Participants will start with 8 'core' strengthening exercises and three stretches. The clinician can replace one core strengthening exercises by another strengthening exercises from a list of "additional" exercises.

  5\.           **WHO PROVIDED**\                                                                                                                                                                                                                                                                                  Experienced clinicians will deliver interventions for the standardised rehabilitation group. Clinicians will have a postgraduate diploma in musculoskeletal rehabilitation (or related field) and a minimum of 5 years of clinical experience. All clinicians will undergo a trial-specific training programme to ensure they understand the protocol and the rationale of the intervention. Clinicians will receive a detailed manual with information regarding the trial intervention.
                For each category of intervention provider (eg, psychologist, nursing assistant), describe their expertise, background and any specific training given.                                                                                                                                            

  6\.           **HOW**\                                                                                                                                                                                                                                                                                           Participants will receive individual, face-to-face sessions.
                Describe the modes of delivery (eg, face-to-face or by some other mechanism, such as internet or telephone) of the intervention and whether it was provided individually or in a group.                                                                                                            

  7\.           **WHERE**\                                                                                                                                                                                                                                                                                         Interventions will be delivered in a private clinical practice.
                Describe the type(s) of location(s) where the intervention occurred, including any necessary infrastructure or relevant features.                                                                                                                                                                  

  8\.           **WHEN and HOW MUCH**\                                                                                                                                                                                                                                                                             Participants will receive 16 sessions, each lasting for a maximum of 60 min, twice per week, over an 8-week period.\
                Describe the number of times the intervention was delivered and over what period of time including the number of sessions, their schedule and their duration, intensity or dose.                                                                                                                   The standardised rehabilitation will comprise 8 exercises plus three stretching exercise (one for the cervical spine, one for the thoracic spine and one for the shoulder).\
                                                                                                                                                                                                                                                                                                                   Strengthening exercises will be delivered with the following dosage: 2 sets of 10 repetitions. The strengthening exercises will be progressed in three stages. The first will have the following dosage: 3 sets of 10 repetitions. The second stage will have the following dosage: 3 sets of 20 repetitions. For the third stage of progression, clinicians can choose to increase the load to moderate (based on RPE---see below) or replace the exercise by another one from the additional list.\
                                                                                                                                                                                                                                                                                                                   All the exercises should initially be performed in slow and controlled pace.\
                                                                                                                                                                                                                                                                                                                   The load for strengthening exercises will be determined through using the 10-point Rate of Perceived Exertion (RPE) scale, considering the affected side. Low intensity will be defined as 3--4 RPE, moderate intensity as 5--6 RPE and high intensity as 7--8 RPE.

  9\.           **TAILORING**\                                                                                                                                                                                                                                                                                     This intervention is not planned to be tailored.
                If the intervention was planned to be personalised, titrated or adapted, then describe what, why, when and how.                                                                                                                                                                                    

  10\.          **MODIFICATIONS**\                                                                                                                                                                                                                                                                                 Not applicable. This is a protocol.
                If the intervention was modified during the course of the study, describe the changes (what, why, when and how).                                                                                                                                                                                   

  11\.          **HOW WELL**\                                                                                                                                                                                                                                                                                      Participants' adherence to protocol will be assessed by quantifying the number of home-based exercises performed. It will be expressed as percentage of the total number of sessions that should be been performed.\
                Planned: If intervention adherence or fidelity was assessed, describe how and by whom and if any strategies were used to maintain or improve fidelity, describe them.                                                                                                                              Clinician\'s adherence to protocol will be assessed by quantifying the number of exercises and progressions that were performed according to the protocol. This will be done through audits of clinical notes, and will be expressed as percentage of the total number of exercises and progressions that were performed during the course of treatment.

  12\.          Actual: If intervention adherence or fidelity was assessed, describe the extent to which the intervention was delivered as planned.                                                                                                                                                                Not applicable. This is a protocol.
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Both groups will receive similar dosage of exercises. Participants will perform a total of 8 exercises per session of treatment, plus three stretches (control group) or up to three manual therapy techniques (tailored group). To ensure optimal internal validity of the trial, dosage of exercises for each group are planned to be equivalent. Details of tailored and standardised interventions are described on the Exercise Description Forms ([online supplementary material 1 and 2](#SP1 SP2){ref-type="supplementary-material"}, respectively). The intensity of strengthening exercises will be monitored using a modified Borg scale.[@R66] Rate of perceived exertion was shown to be valid for monitoring intensity of resistance training,[@R67] and has been used in a previous trial for monitoring exercise intensity.[@R68]

Tailored rehabilitation: participants allocated to the tailored rehabilitation group will receive sustained mobilisation followed by exercises focusing on restoring normal movement pattern and the dynamic stability of the scapulothoracic and glenohumeral joints.[@R31] The intervention will involve manual therapy techniques focusing on restoring the shoulder and scapular movement to reduce pain,[@R70] and motor control and progressive resistance training of impaired muscles.[@R65]

Standardised rehabilitation: participants allocated to this group will receive a progressive resistance training for all scapular and shoulder muscles and stretching exercise programme.[@R71] This intervention focuses on restoring muscle flexibility and strength and has been shown to be more effective than 'no intervention' or control for reducing pain and disability.[@R71]

Concomitant care {#s2-11}
----------------

Participants may seek other healthcare services, if they wish to do so. In that case, we will ask them to record which healthcare services they accessed on a logbook while enrolled on the trial.

Criteria for modifying or discontinuing the exercises {#s2-12}
-----------------------------------------------------

Pain levels, as subjectively reported by participants, will be used for determining whether an exercise must be modified or discontinued.[@R72] For this purpose of this study, we adopted a criteria used in a previous study.[@R74] Participants will be encouraged to continue with an exercise as long as the reported pain levels ranging from slight to endurable. Participants should discontinue exercise or reduce load if: (1) pain increases beyond what is acceptable/bearable for the participant; (2) participant reports an immediate increase of pain by three points (on the numeric pain rating scale) during exercise; (3) pain persists longer than 30 s after completion of exercise; (4) an exercise cannot be performed due to pain, clinicians will be asked not to include that specific exercise for the next two sessions and replace that exercise another exercise (for the tailored rehabilitation group) or with a longitudinal traction or pendulum exercise (for the standardised rehabilitation group).[@R8] All participants will receive home-based stretching and strengthening exercises, and will be asked to perform these once a day.

Primary outcome measures {#s2-13}
------------------------

The primary feasibility outcome measures are ([figure 2](#F2){ref-type="fig"}):

![Schedule for enrolment and intervention per group. OCC-Q-Shoulder, Otago Cost and Consequences Questionnaire--Shoulder; SPADI, Shoulder Pain and Disability Index.](bmjopen-2018-028261f02){#F2}

1.  Participant's recruitment rate, measured as number of participants per month.

2.  Proportion of participants enrolled from the total number screened, expressed as the ratio 'number of enrolled participants/total number of screened participants', with reasons.

3.  Adherence to the rehabilitation programme, measured as number of sessions attended, and expressed as a percentage of the total number of sessions.

4.  Drop-out rates, measured as the number of participants who dropped-out, and expressed as a percentage of the total number of participants enrolled in the study.

Secondary outcome measures {#s2-14}
--------------------------

The patient-reported outcome measures intended as the primary and secondary outcomes in the main trial will be used as secondary outcome measures in this feasibility trial ([figure 2](#F2){ref-type="fig"}). These are: pain level as measured by a numeric pain scale,[@R75] and shoulder-related disability assessed using the 'Patient Specific Functional Scale' (PSFS), the SPADI[@R76] and the pain self-efficacy questionnaire.[@R77] The minimal clinically important difference for the numeric pain scale is one point,[@R78] and for the PSFS is 1.3 (for small changes), 2.3 (for medium changes) and 2.7 (large changes).[@R79] Although this feasibility trial is not powered to detect superiority, we will assess the magnitude of mean treatment effects for pain and physical function in relation to clinically important change, to inform the choice of primary outcome and sample size calculation for the main trial. Findings from this feasibility trial will help us selecting the primary outcome measure for the full trial.[@R80]

We will assess safety by recording all adverse events, both related and unrelated to interventions, in each group. The literature suggests adverse events to exercise therapy might be common, but not serious.[@R81] Potential adverse reactions to interventions may include muscle soreness or increased pain around the shoulder joint. The physiotherapist will record any adverse reactions to interventions, including duration and severity of adverse reaction to treatment, and how the adverse reaction was managed. We will include in the report the total number of participants who reported adverse events, relatedness to interventions, the duration and severity of the adverse reactions. In the small sample of this feasibility trial, we do not expect to observe a representative number of adverse events, so do not intend statistical comparisons; rather, we will assess the feasibility of the recording forms and systems for use in the main trial.

Health outcomes {#s2-15}
---------------

Health outcomes will be expressed as quality-adjusted life years (QALYs) using the Short-Form 12 (SF-12v2).[@R82] The SF-12v2 will be converted to a six-dimensional health state classification (SF-6D).[@R83] The SF-6D allows estimating the QALY. A QALY is a year of life experienced with a particular health-related quality of life, and will be expressed as a score ranging from 0 to 1, with 0=death and 1=full health. Total QALY will be estimated for each participant by calculating the area under the curve (the product of utility values by time). We will calculate the mean QALYs for each group and adjust for baseline utility scores to minimise any bias due to chance baseline imbalance between the groups. As this feasibility trial is not powered to detect superiority, we will assess the magnitude of mean effect on QALYs in relation to clinically important change.

We will adapt the Otago Cost and Consequences Questionnaire (OCC-Q) to shoulder disorders, and use the adapted questionnaire to capture healthcare use and costs for participants enrolled in this study.[@R84] The OCC-Q is a patient-administered questionnaire developed for osteoarthritis that has demonstrated accuracy and agreement with administrative databases from the national healthcare system in NZ.[@R84] The OCC-Q will be administered at baseline and 12-week time points.

Time points {#s2-16}
-----------

Outcome measures will be recorded at baseline, 4th, 8th and 12th week after baseline.

Missing data {#s2-17}
------------

When assessing secondary outcome measures, we will use a linear mixed-effect model to compare groups. This method can handle missing data. For the other analysis, in case of missing data, we will assess its distribution to confirm the assumption that data was missed at random. If missing at random is confirmed, we will perform multiple imputations.

Statistical analysis {#s3}
====================

All statistical analyses will be performed using R software.[@R85] Descriptive statistics will be used to analyse: (1) recruitment rates, (2) adherence to the rehabilitation programme, (3) proportion of participants enrolled from the total number screened, (4) drop-out rates, (5) adverse reactions.

We will use a linear mixed-effect model to obtain estimates of intervention effects, we will compare changes in pain and shoulder-related disability scores between the two intervention groups (ie, tailored and standardised rehabilitation). Group intervention (tailored and standardised rehabilitation) will be considered as between-subject factor, and 'time-point' (baseline, 4th, 8th and 12th week) will be considered as within-subject factor. Baseline measurements will be considered as covariates. We will conduct an independent linear mixed-effect model for each outcome measure (ie, pain levels and shoulder-related disability). Given this is a feasibility trial, our goal is not to perform hypothesis testing, but rather to perform these analyses as preliminary assessment of any trend in between-group comparisons. This statistical approach is considered appropriate for feasibility or exploratory studies.[@R86]

To help informing whether or not it is worthwhile conducting the full trial, it is recommended that preliminary between-group comparisons to be performed at the feasibility trial stage.[@R87] For that, CI ranges other than 95% should be used (eg, 85% or 75% CI in addition to the mean difference estimate) when assessing differences between groups from feasibility trials.[@R87] For the purposes of this study, we will consider 75% CI as the probability threshold.[@R87] The mean difference between tailored rehabilitation and standardised rehabilitation will need to be larger than the minimum clinically important difference for either pain or shoulder-related disability. Therefore, if we can be, at least, 75% sure that one arm is superior to the other arm at 3-month follow-up, then we will consider to have sufficient preliminary evidence of a treatment difference.[@R87] Such information will be taken into account when assessing whether or not to conduct the full trial.[@R87]

Economic evaluation {#s4}
===================

We will use an incremental cost-utility analysis, following intention-to-treat principle, to assess differences in costs and utilities between tailored rehabilitation and standardised exercise, and report incremental net monetary benefit. We will use both a health system and a societal perspective to define and measure costs, as is recommended for cost-effectiveness studies.[@R89] We will also report the cost-efficacy and direct medical costs within the NZ healthcare system, and will calculate Bayesian credibility intervals (Bayesian analogue of 95% CIs) to account for uncertainty in measurements due to sampling random variability,[@R90] and will plot cost-effectiveness acceptability curves.[@R91]

Nested qualitative study {#s5}
========================

We will include a nested qualitative study that will assess participants' experiences about the trial, and will use a thematic analysis to interpret the data.[@R92] We will invite all participants to take part in a semi-structured interview. The goal is to gather data about participants' experience in the trial, in particular about the difficulties and barriers faced by participants, the perceived value and positive aspects of the study and any other issue that may arise during the interviews. Findings from the nested qualitative study will add significant value into how we can minimise perceived barriers, and increase adherence with the trial. Interviews will take place once participants complete the intervention programme (ie, at the 8-week follow-up).

We will use thematic qualitative analysis to analyse and interpret transcriptions from interviews with participants. We will conduct the thematic qualitative analysis in five steps: (1) generation of codes (2) identification of themes, (3) revision of themes, (4) definition and naming of themes, (5) interpretation of findings.[@R92] We will keep an audit trail, and members of the research team will crosscheck the coding and interpretation of data. We will adopt an iterative approach during data analysis, and will discuss and reflect on each step to identify any inconsistencies during the thematic qualitative analysis. We will analyse, write and submit for publication the qualitative study as a separate manuscript.

Nested process evaluation study {#s6}
===============================

We will conduct a process evaluation study using a mixed-method design. As part of the process evaluation, we will assess the fidelity, dose and reach of interventions implemented during the Otago MASTER Feasibility trial. We will assess fidelity of interventions by monitoring clinical notes, fortnightly, during the intervention period. Two clinical researchers (the PI and a research assistant) will be responsible for conducting the process evaluation. As per the Medical Research Council (MRC; UK) guidelines,[@R21] we will adopt an active role, and provide feedback and additional training to clinicians if required. This approach will optimise fidelity of interventions. According to the MRC (UK) guidelines, this is the most appropriate approach for process evaluation during feasibility trials.

We will conduct a focus-group with clinicians once 70% of data collection has been completed. The focus-group will allow us to assess clinicians' perspectives (barriers and facilitators) about the interventions and the trial. We will use thematic qualitative analysis to analyse and interpret transcriptions from the focus-group. We will conduct the thematic qualitative analysis in five steps: (1) generation of codes, (2) identification of themes, (3) revision of themes, (4) definition and naming of themes, (5) interpretation of findings.[@R92] We will keep an audit trail, and members of the research team will crosscheck the coding and interpretation of data. We will adopt an iterative approach during data analysis, and will discuss and reflect on each step to identify any inconsistencies during the thematic qualitative analysis. We will analyse, write and submit for publication the process evaluation study as a separate manuscript.

Discussion {#s7}
==========

In the short-term, the impact of this phase II trial is inform whether or not it is feasible to conduct the full efficacy trial. If the full trial is feasible, the medium-term impact of this proposal will be to determine which exercise therapy intervention is superior for managing patients with shoulder subacromial pain.

This protocol has limitations. We did not include in the initial plan a control arm, to optimise costs at phase II, and given that some reviews and guidelines suggest exercise therapy as the treatment of choice.[@R10] A recent Cochrane Review recommends future trials to compare exercise therapy interventions with placebo.[@R9] In addition, during the peer-review process of this protocol, one reviewer raised the relevance of including a placebo arm. If findings from this feasibility trial suggest that it is feasible to conduct a full trial, we will design a three-arm intervention trial to address recommendations from the Cochrane Review. The full trial will consist of: (1) placebo, (2) tailored rehabilitation, (3) standardised rehabilitation. For this feasibility trial, we estimated sample size based on a two-arm intervention. The advantage of this approach is to reduce the required sample size for the feasibility phase, however, it increases uncertainty on estimates of treatment effects.[@R62] This will impact on sample size estimation of the full trial, if findings from this trial supports the next trial stage.[@R62] To address that uncertainty on treatment effect estimates, we will take this into account when preparing the future trial.

Data management {#s8}
===============

Data will be collected by trained researchers, using hard copies of forms and questionnaires. These will be safely stored and locked in a filing cabinet based at the Centre for Health, Activity and Rehabilitation Research (CHARR), School of Physiotherapy--University of Otago. A research assistant will enter the data into a Microsoft Excel file, and only the research team will have access to that file. All trial documents will refer to participants with a unique ID (not by name). We will use single-data entry, with 10% of the data being entered independently by two research assistants and crosschecked. In addition, we will use histograms, stem and leaf plots, clinical and data-driven range checks as part of quality control.[@R93]

Trial monitoring {#s9}
================

The Health Research Council (HRC) Data Monitoring Core Committee (New Zealand) categorised this trial as low risk, and recommended that an independent Data Monitoring Committee was not necessary. The HRC Data Monitoring Core Committee recommended that an internal monitoring process is sufficient to monitor and oversee this trial. Based on these recommendations, the Data Monitoring Committee from the 'Centre for Health, Activity and Rehabilitation Research' (School of Physiotherapy--University of Otago) will monitor and oversee the trial. The research team has opted not to undertake interim analysis.

Declarations {#s10}
============

Patient and public involvement {#s10-1}
------------------------------

Patients and or public were not involved. Results of this study will be disseminated to study participants by inviting them to join an open-seminar in which the results of the study will be presented. In addition, we will prepare a short report with the main findings of the study and distribute this by email to participants. The burden of the intervention will be assessed by participants through the nested qualitative study. In that study, we will participants' experiences and perceptions about the trial.

Data collection, storage and sharing {#s10-2}
------------------------------------

We will store participants' data on a secure local server, and will use unique identification number on follow-up questionnaires. To protect participants' privacy, all identifying information will be stored separately, and deleted following the conclusion of the trial. We will not share or report identifying information. The datasets generated during the study will be available from the corresponding author on reasonable request.

Confidentiality {#s10-3}
---------------

The research team will have access to personal information. We will use group mean data to present findings from the study. This will protect confidentiality before, during and after the trial.

Adverse event management {#s10-4}
------------------------

The risk of a serious adverse event related to the intervention is minimal. If a participant presents with an adverse event, the primary investigator will report it to the internal Data Monitoring Committee (Centre for Health, Activity and Rehabilitation Research---University of Otago) to assess whether it is necessary to report the adverse event to the trial sponsor, and Ethics Committee. We will suspend the trial if more than one serious adverse event of any kind occurs and these are related or caused by the interventions from the trial. If the cause of the events cannot be determined or remediated, and is plausibly related to the intervention, we will terminate the trial.

Protocol amendments {#s10-5}
-------------------

We will report any protocol change that may benefit participants, impact on participant's safety or that is likely to impact on the outcomes of the study (e.g. study objectives and/or design changes, sample size, study procedures or significant administrative changes).
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